Abstract: A marketing research organisation employed a large number of field research officers (FRO) for collection of data from the field. A questionnaire-based sample survey approach was used for estimating the optimal number of FROs required for a given workload. The important design inputs for the main country-wide sample survey were obtained through a pilot survey. The data obtained from the main survey were used to obtain accurate estimates of the three components of total audit time: 1) actual audit time; 2) travel time; 3) extra time. These estimates along with the estimate of optimum workload were then used to determine the total number of FROs required. Regression models were also developed for predicting the number of FROs required for a given future workload.
Introduction
Manpower planning may be defined as the process to ensure that the right people are at the right place at the right time in sufficient numbers to efficiently accomplish anticipated tasks (Vetter, 1967) . Manpower planning, being a forward looking activity, usually involves some sort of forecasting of future requirement. Many statistical and other quantitative techniques like time series analysis, stochastic flow models (Alper et al., 1967) , econometric models and expert opinion (Delphi technique) are now available in the literature for obtaining the forecasts. Bezdek (1977) classifies these methods into seven categories. However, all studies on manpower planning may not involve forecasting, although an estimate may be needed to satisfy a given future requirement. For example, Dreesch et al. (2005) propose a methodology for estimating manpower requirement to meet the Millennium Development Goals of the United Nations. See Piskor (1976) for a bibliographic survey of all types of studies on manpower planning.
In this case study, we were concerned with manpower planning at the operational level, i.e., our objective was to estimate the number of personnel required to carry out a set of well defined activities. The activities were either ongoing or might have to be performed in future in case of any modification of requirements.
A marketing research organisation (MRO) in India employed a huge field force to ensure on-time delivery of quality data required for all the tracking and customised studies that it undertook. Each of these studies, called an audit, involved gathering information on sales volume, stock levels, effectiveness of promotional efforts and other associated aspects of various brands within a product category from a selected sample of retail outlets (to be called dealers). The company classified these audits in accordance with the type of product [Fast Moving Consumer Goods (FMCG) , food products, cigarettes, lighting products, drugs etc.]. We shall refer to these various types of audits as A1, A2, A3 etc. The total number of dealers audited within each audit was called the panel size of the audit and the persons, who conducted the audits, were called Field Research Officers (FRO). Each FRO was responsible for auditing a fixed number of dealers every month/fortnight following the process as shown in Figure 1 . With the gradual increase in panel sizes for the existing audits, introduction of new audits and increasing demands from the subscribers to track special offers, the field workload had been continuously on the rise. This had necessitated fresh recruitment of FROs almost on a continuous basis. As a result, the management felt the need for a more scientific (data-based) approach for estimating the manpower requirement for field research. The approach, they felt, should provide with a mechanism of estimating the manpower requirement for not only the current but also for the future workload. Thus, this study was taken up with the following objectives:
1 estimating the number of FROs required for the current workload and 2 predicting the additional manpower requirement in case of either panel expansion or introduction of new audits.
An interview-based sample survey approach was used to achieve the above two goals. The rationale behind selecting such an approach is discussed in Section 2.2. However, it appears that, in general, such an approach is best suited for estimating manpower requirement for any service process having a large service network (say country-wide) and a non-standardised work environment. In such cases, it is to be expected that the time needed to carry out a given activity will vary widely (as in this study). It is important to take this variation into account while estimating the total workload (person-hours). Further, in order to convert the person-hours to the number of persons, one should obtain an estimate of the optimum workload per person as objectively as possible. In this study, the optimal daily working hours was estimated through a satisfaction survey instead of using a management specified value. The rest of the article is organised as follows. The next section gives the background information and a detailed description of the approach adopted for the study. This is followed by a detailed description of the basic statistical model used for manpower estimation (Section 3). The details of the pilot survey, i.e., the method of data collection, the stratification variables that were identified and determination of the sample sizes are discussed in Section 4 under three subsections. The details of the main survey are given in Section 5. The results of the two methods used for estimating the manpower requirement are presented in this section. The Section 6 is devoted to the method proposed for estimation of manpower requirement for a new audit. The article concludes with a summary of the benefits of the study and a few concluding remarks.
Background information and overall approach

The existing 'norm' and its limitations
The standard times or norms are widely used in service organisations for evaluating staffing needs. For example, a Government health and family welfare department specifies that a 100-bed hospital should have at least 21 doctors, 15 paramedical staff and 25 nurses (WBHSDP, 1997) . There are many ways in which such norms may be established (see Section 2.2). Unfortunately, the MRO did not follow any systematic procedure to establish the norms, which they had been using for estimation of their manpower requirement. It used its rich experience to arrive at the norms for N i , the number of audits of type i that can be performed by an FRO in a day. Thus, assuming 24 working days per month, the total number of FROs required is given by ( )
where P i denotes the panel size for the i th audit. However, the above method, although straightforward, had two major drawbacks. First, the accuracy of the estimates obtained was poor. It was noted that except for the audit A3 (for which N i = 0.7), the N i values for all the other audits were integers (between 1 and 8). To illustrate the effect of such crude norms, suppose the true value of N i for the audit A1 is 2.33, against the specified norm of 2. Since the panel size for this audit was 8,527, the number of FROs required for N i = 2.33, 2.3 and 2.0 would be 152, 154 and 178 respectively. This clearly shows that the N i values must be accurate at least to the first decimal place.
Another drawback of the standard norm was that it might, at times, lead to a wrong interpretation. The N i values should actually be interpreted as the average time taken to audit all the dealers. However, the time taken to audit a particular dealer might be vastly different from the norm. For example, it could vary from three days (for a large dealer) to 30 minutes (for a small dealer). This also indicated that the N i values, particularly for the audits A1-A3, should be estimated with proper stratification to keep the sampling variance under control (see Section 4.2).
Approach
An objective determination of staffing needs usually involves some form of activity measurement using any one or a combination of the following methods.
1 Factual data-based measurement, which includes time and motion study (Niebel and Freivalds, 1999) , activity sampling (BS 3138, 1992) and self monitoring using a log or a diary.
2 Opinion-based measurement, which includes expert opinion (see Ozcan and Hornby, 1999 for a case study); interviewing relevant staff using a questionnaire or the questionnaire may be filled-up by the relevant staff themselves.
It is obvious that the time and motion study is expected to yield the most accurate results. However, manpower planning should not be viewed as an isolated technical exercise. The company policies, the service needs and the employee needs should also be taken into account in any manpower planning exercise. The audit process that we wanted to measure also did not exist in isolation. It had its unique features such as the following:
1 The data collection process was very tedious. In many cases, the FROs had to do a great deal of housekeeping and physical verification of the stocks.
2 The data quality was of paramount importance since most data quality defects were likely to pass through the data scrutiny stage.
3 Timely delivery of the reports was an important business goal.
Considering the above, it was decided to involve the FROs in the measurement process and hence the interview and the mailed questionnaire methods as mentioned above were adopted for the purpose of data collection. So far as data quality is concerned, since most of the FROs were experienced and all of them had to make diary noting of each day's work, the data sought from them were expected to be sufficiently accurate. Moreover, the questionnaire was designed carefully to collect additional information about each dealer so that the data provided by the FROs could be scrutinised for their accuracy (see Sections 4.1 and 5.3). Broadly speaking, the approach adopted for the study was to develop a statistical model for estimation of the total time required for field activities and to estimate the parameters of the model through a country-wide sample survey. The project was conducted in two phases as follows.
1 Phase I: In this phase a pilot survey was conducted covering all the dealers located in a particular city. The objectives of the pilot study were a to fine-tune the questionnaire and the theoretical model that we had in mind (see Section 3) b to design the sampling scheme for the main survey c to identify the factors having significant impact on various components of audit time.
2 Phase II: This was a country-wide sample survey and the primary objective was to estimate the parameters of the statistical model. In addition, a satisfaction survey was conducted in parallel for estimating the optimum workload. The questionnaire used also had the provisions for feedbacks by the FROs regarding the problems they faced and the scope for improvement of the audit process. However, the findings from these feedbacks are not reported here.
To summarise, we adopted not only a data-based but also a process and people oriented approach for the study. Thus, the approach adopted may be called a quality approach for manpower planning.
The statistical model
Let X i denote the overall time taken to conduct an audit of type i (= 1, 2,…,k). It is apparent from the flow chart of the audit process ( Figure 1 ) that the total time X i can be expressed as
where U i is the time taken to carry out the regular activities, V i is the travel time and W i is the time required for additional activities related to the audit. Let , , 
where N i is the panel size for the i th audit, f i is the monthly frequency of the i th audit and .
The model parameters to be estimated are thus , 
The variance of the estimator t is given by
The details of the methods used for estimation of 
The pilot survey
Data collection
It has already been mentioned that all the dealers (retail outlets) located in a particular city were considered for the pilot survey. The eight FROs, who were responsible for auditing these dealers, were interviewed by a member of the project team over a period of three days. The following information was sought from each FRO regarding every dealer he audited: a Time taken for actual audit (minimum and maximum).
b Travel time (minimum and maximum) from the starting point (residence/office/previous dealer) to the dealer.
c Complexities involved in auditing that dealer in terms of the size of the dealer, travelling hazards, availability and organisation of stocks and other documents. The FROs were asked to rate each dealer on a 1-6 scale for each of the above four dimensions of complexity. The guidelines for rating were also prepared to achieve consistent ratings by the FROs (see Appendix 1).
In addition to the size rating as above by the FROs, the number of entries that had to be made for each dealer was also obtained separately. The main results of the pilot survey and the manner in which these results were used to develop the sampling scheme for the main survey are described in the next three sections. 
Distribution of audit time
The distribution of total audit time for the audit A1 is shown in Figure 2 . The presence of multiple peaks in the distribution clearly indicated the need for stratification of the dealer universe. Similar results were obtained for the audits A2 and A3. However, for the other audits the distributions were found to be nearly normal with the exception of the audits A8 and A11, for which the distributions were smooth but positively skewed (see Table 1 ). Accordingly, no stratification was carried out for these audits.
The stratification variables
The dealers' universe for the audit A1 was stratified on the basis of the number of entries, i.e. the number of fields in the data collection schedule, which the FROs were required to fill up for a given dealer. The audit time was found to be strongly dependent on this variable. The four strata were formed by classifying the number of entries as follows: ≤ 70, 71-150, 151-500 and > 500. The distributions of audit time in each of these stratums were found to be more or less smooth and normal.
The audits A2 and A3 also called for stratification. However, due to the small panel size of these audits, it was decided to adopt poststratification for these two audits. Poststratification is a technique where the sampled units are cross classified according to the levels of the stratification variables. Many researchers have suggested that poststratification has little to offer over simple random sampling so far as efficiency of the estimates is concerned [e.g., Hartley, 1962; Kish, (1965) , p.91]. However, following Holt and Smith (1979) , it was decided to adopt this technique with the expectation that the sampling variance of the estimates will be reduced significantly.
Apart from the number of entries, the dealers were also stratified in terms of their geographical location (east, west, north and south), since it was felt that the characteristics of the dealers could vary widely from one zone to the other.
The sampling scheme for the main survey
The sampling scheme for the phase II study was determined as follows:
Step 1 (determination of the total sample size for different audits)
Let ρ be the coefficient of variation of the study variable y. Further, let l denote the loss per 1% of the relative standard error (e) of the estimator of ( ) Y E y = and C 1 be the cost of sampling and measurement per unit. Then, for n (sample size) << N (population size) and for simple random sampling without replacement (SRSWOR), the optimal value of n is given by [Gupta and Kabe, (2011), pp.12-14] 2/3
However, in practice, it may be much easier to specify the approximate optimal relative standard error e than to specify the value of l. In such cases, the optimal sample size may be obtained from [Gupta and Kabe, (2011), pp.12-14] 2 , ( / ) . 1
Of course, the sample size obtained as above must satisfy the budgetary constraint, i.e.
( )
where C' is the total budget sanctioned for the survey and C 0 is the overhead cost. So far as this study is concerned, it was not possible to specify the optimal values of e for all the audits. Accordingly, the sample sizes were obtained as follows. The relative standard error (e%) for an assumed sample size (n) was computed from ( )
where N i is the panel size of the i th audit and i x is the average audit time defined in (3). The estimates of coefficient of variation ρ i , as obtained from the pilot study were used for computing the value of e i %. Then, by varying n, an attempt was made to keep e i ≤ 5% for all i, and to allocate relatively more samples to the audits having irregular and skewed distribution of audit time. However, owing to the feasibility constraints, some accuracy had to be sacrificed for the audits A5 and A11, both of which had very high coefficient of variation (see Table 1 ). The sample sizes for the audits not covered in the pilot study (see Table 1 ) were selected purely based on practical judgement.
Step 2 (determination of the sample size for each stratum within an audit)
The total sample size determined as above for each audit could be distributed either equally or proportionately or optimally over the strata. In general, the equal distribution provides some practical advantages and can be used if the stratum size does not vary greatly (Stevens, 1952) . In our case, the equal distribution was neither necessary nor found suitable. Further, we did not seek an optimal allocation [Cochran, (1977), pp.96-99; Rao, 1977] primarily because the estimates of within strata variances were not considered very accurate. Note that the pilot study was conducted only within a city, whereas there could be significant differences among the geographical locations. Also, the pilot study was based solely on interview, whereas both mailed questionnaire and interview methods were used in the main survey (see Section 5.2). Moreover, this was a multivariate study involving three study variables U, V, and W, where U and W were found to be correlated. There are methods available for optimal allocation in a multivariate set up (Bethel, 1989; Khan and Ahsan, 2003) . However, such methods were not considered since these require much more accurate inputs than the univariate case. Accordingly, the method of proportional allocation was used for determining the sample size for each stratum.
To summarise, the sampling design obtained for the phase II study cannot be claimed as optimal. However, efforts were made to design the sampling scheme as objectively as possible. But, as is typical of any large-scale non-standard sample survey, considerable practical judgements had to be used to arrive at the final design (see Table 1 ). 5 The country-wide survey
Sampling, datasheet and questionnaire
A complete zone-wise listing of all the dealer codes for all the audits was provided by the MRO. The sample dealers were selected from each stratum following the method of simple random sampling. Then, for each of the sampled dealer, the zone, state, field headquarter, town and the name of the concerned FRO were identified. The datasheets were prepared FRO-wise. Each datasheet consisted of the sampled dealers which were usually audited by the FRO. The datasheet thus obtained was almost the same as that used in the pilot study. A sample datasheet is shown in Appendix 2. Along with each datasheet, a satisfaction survey questionnaire was also prepared. The questionnaire used is shown in Appendix 3.
Data collection
The total number of dealers to be covered under the study was 2,020. These 2,020 dealers were audited by 548 FROs. Roughly, 50% of these FROs were interviewed by the project team. The team had to visit 17 field offices spread throughout the country for this purpose. The datasheets were mailed to the remaining FROs. It is seen from Table 2 that the coverage error of the survey was low (11%). Moreover, the non-response rate was more or less uniformly distributed over various audits and over various strata within an audit. 
Scrutiny of data
• Scrutiny of audit time (U i ): a plot of the observed audit times vs. the number of entries revealed a strong positive relationship for almost all the audits. The outliers detected from these scatter plots were scrutinised for their complexities with respect to hazards, availability and organisation (see Appendix 2). If the complexity scores could explain an outlier satisfactorily then it was retained, or else deleted from the dataset. The above methodology is schematically explained in Figure 3 .
• Scrutiny of travel time (V i ) and extra time (W i )
: the outliers detected from the plot of frequency distributions of these two variables were subjected to further scrutiny. The travelling time outliers which could not be explained satisfactorily by the travelling hazard ratings were removed from the dataset. Similarly, the highly unusual observations with respect to extra time were also removed if these could not be explained satisfactorily by the ratings of organisational complexity. 
where N ij denotes the panel size for the i th audit and the j th stratum. However, it may be noted that we had an incomplete sample. The data on about 18% of the dealers as planned originally could not be collected (see Table 2 ). Although, many methods are now available for tackling the problem of non-response bias (Groves, 2006; Blom, 2009; Armstrong and Overton, 1977) , it was decided to ignore the non-response bias, if any. This is because, the non-response was low and the same was uniformly distributed over all the strata. It may also be noted here that the non-response error does not always lead to non-response bias (Groves, 2006) .
The variance of i x defined in (9) is given by
Var x Var u Var v Var w Cov u w
where the covariance between U and V and between V and W are ignored since the travel time V is not expected to be correlated with either U or W. 
where n ij is the number of sampled dealers and 2 ij S is the variance of actual audit time for the j th stratum of the i th audit. However, since we have noted both the minimum and the maximum audit time for each dealer (see Appendix 2) to capture the within dealer variation, the variance of i u is given by (Chandok, 1988) ( ) ( ) Now, assuming that u ijk follows normal distribution with standard deviation σ, then from the standard literature on process control charts [Montgomery, (2001) 
It was felt that even though the FROs were highly experienced, it will be difficult for them to recall events which were too old (about two years or more), since the events were of routine nature. Accordingly, the value of n in (13a) above was taken as 25. So far as the estimation of the covariance term is concerned, an unbiased estimate of Cov(u i , w i ) may be obtained by estimating the within and between strata covariance separately (see Ghosh and Vogt, 2004) . However, since the correlation between u and w within a stratum was found to be insignificant in most cases, it was decided to use ( , ) ij ij r u w as an estimate of ( , ) . 
Determination of optimum workload
The data gathered through the satisfaction questionnaire (Appendix 3) were used for estimating the optimum workload, i.e., the workload corresponding to the maximum satisfaction. The scatter plot of satisfaction vs. workload was obtained by first grouping the hypothetical workload into seven mutually exclusive classes and then plotting the average satisfaction score (S) of each class against the average workload (T) of that class (Figure 4) .
It is seen from Figure 4 that the satisfaction function is quadratic, which (using the ordinary least square method) was estimated as The optimum workload, by equating dS/dT of (14) to zero was found to be T opt = 6.5 hours. The maximum satisfaction score of 7.2 corresponding to T opt = 6.5 hours was not very encouraging. However, the most critical issue that needed immediate attention of the management was the high variation in satisfaction scores resulting from the uneven distribution of workload. It may be seen from Figure 5 that the distribution of working hours among the FROs was far from uniform. In fact, 12% of the FROs reported to have been working for less than 5 hours, whereas 18% reported to be working for more than 8 hours. It was expected that a more uniform distribution of workload would lead to higher average satisfaction. Accordingly, it was suggested that the regression models listed in Table 4 may be used for a more uniform allocation of workload among the FROs.
Estimation of the number of FROs required (direct method)
The procedure adopted for estimation of i x and its variance has been described in detail in Section 5.4. The estimates obtained are listed in Appendix 4. Substituting these estimates in equations (3) and (4) of Section 3, the estimate of total man-minutes required for all the audits was calculated as t = 5,328,087.90 (see Table 3 ). The standard error of this estimate is 33,232.98 minutes (see the 7th column of Table 3 ). The last column of Table 3 also gives the estimates of the number of audits that can be performed daily by a FRO. Comparing these values with the existing norms, it was found that the existing norms, in general, were conservative and hence would lead to a gross overestimation of the total manpower requirement.
Table 3
Estimation of total man-minutes required for performing all the audits and the variance of the estimate 5,328,087.9 1,104,431,138. 21 -Now, we have already noted that the optimal workload is 6.5 hours/day (see Section 5.5). The management of the company felt this to be slightly on the lower side. However, considering the tedious nature of the audit work, it was decided to use the above estimate as the basis for manpower planning. Thus, assuming the above estimate (6.5 hours) as a known value, the total man-days required was estimated as (t in minutes) / (60 × 6.5) = 13,661.76 man-days. Further, assuming 24 working days per month, the number of FROs required was obtained as 13,661.76/24 = 569. It was also decided that 10% relievers shall be provided for smooth functioning of the audit process. Thus, finally the number of FROs required was estimated as 569 + 57 = 626. The standard error of the above estimate is (1.1 × 33232.98) / (60 × 6.5 × 24) = 3.91. Thus, assuming that the estimate follows Normal distribution, the 99% confidence interval for the total number of FROs required is 626 ± 10.
Estimation of the number of FROs required (regression method)
It has already been noted in Section 4.3 that the actual audit time was strongly dependent on the number of entries. Specifically, the linear model
where U i and E i denote respectively the audit time and number of entries of the i th audit, was found to be adequate for all the audits. Thus, by substituting i E (the average number of entries for the i th audit) in the estimated linear model, the average audit time was estimated as
The estimates thus obtained are summarised in Table 4 along with the estimates obtained by the direct method. Using these estimates and the previously obtained values of i v and , i w the total number of FROs required was found to be 646, which is about 3% higher than the estimate obtained by the direct method. The regression method similar to that used in Section 5.7 may be used for this purpose. The details of the regression models developed are discussed below. It is obvious that the proposed approach could be used only for those audits for which the average number of entries was known.
Prediction of new u and new w
The scatter plot of average audit time U i against the average number of entries E i for the 14 out of the 16 audits (A1-A16) is shown in Figure 6 . The concept of number of entries was meaningless for the audits A5 and A16. It is evident from Figure 6 that there was a strong linear relationship between U i and E i . The best fit line for the data is given by Similarly, the average extra time W i and E i is also seen to be linearly related (Figure 7) and the relationship may be expressed as ( ) ( ) ( ) 2 log 0.455 0.347 log , 84.7%, 0.8197 .
The equations (15) and (16) 
Prediction of new V
It was observed that the average travel time ( ) new v for a rural audit was much higher than that of an urban audit. However, within the rural and urban strata, the travel time did not vary significantly from one audit to the other. The average travel times for the urban and rural audits were found to be 21.4 minutes and 110.6 minutes respectively. Thus the predictions of travel time for a new audit were To illustrate the use of the above models, let the average number of entries (E i ) for a new audit as estimated from the census data is 100. Thus, using equation (17) Specifically, the main conclusions and recommendations of the study were as follows:
1 The zone-wise requirement of the number of FROs was as shown in Figure 8 .
The metro/non-metro stratification had also been made. However, such strata-wise estimates are not reported due to the high sampling variance associated with these estimates.
2 The MRO could use the regression models and the estimates of the average travel and extra time given in Table 4 for estimating the zone-wise, town-class wise and town-wise FRO requirements with a high degree of precision after preparing a town/zone-wise list of the dealers along with the corresponding number of entries.
3 The manpower requirement for a new or an expanded audit could be determined using the methodology described in Section 6. However, such a method was applicable only for those audits for which the average number of entries could be determined at least approximately. The estimates of the number of audits/man-day provided in the last column of Table 3 might be used as guidelines in such cases.
4 The present distribution of workload among the FROs was found to be highly non-uniform (see Figure 5 ). The situation required urgent improvement. The regression models listed in Table 4 could serve as very useful tools for predicting the workload of the FROs and thereby achieving a more uniform distribution of workload.
5 The visits of the project team members to the field offices generated a tremendous amount of enthusiasm among the FROs. The perception of the FROs was that the management had tried to establish a communication with them through this study. Large number of products/medium quantity 5
Appendix 1
Medium number of products/large quantity 4
Medium number of products/medium or low quantity 3
Low number of products/medium or large quantity 2
Low number of products/low quantity 1 2 TRAVEL TO REACH THE DEALER
Inaccessible location 6
Most difficult to reach 5
Difficult to reach 4
Somewhat difficult to reach 3
Reachable with little effort 2
Easy to reach 1
DEALER AVAILABLE FOR AUDIT
Getting an appointment itself is very difficult 6
Wait for his convenience even after fixing the time of visit 5
Appointment is a must 4
No need for appointment but have to wait 3 Particular day/particular time 2
Any day/any time 1
PRODUCTS/DOCUMENTS ORGANISED FOR AUDIT
Absolute chaos 6
You have to put efforts to organise 5
Dealer takes effort to organise 4
Dealer and you both put efforts to organise 3
Partly well organised 2
Extremely well organised 1 Appendix 2 
